FWD problem with structured uncertainties in the system matrices is also considered.
Introduction
The research and application of model-based fault detection (FD) in automated processes have received considerable attention over the decades [3,4,6,8, 12, 13, 171
. A fault is usually defined as an unexpected change in a system, such as component malfunction and variations in operating condition, which tends to degrade the overall system performance. The purpose of FD is thus to determine the occurrence of fault in the system. based FD. In recent years, RFD observer design has been the subject of many published works. The H , norm optimization is a robust design method with the original motivation rooted in the consideration of various uncertainties. This technique is very suitable for handling uncertairities. After decades of development, it is now playing a leading role in treating robustness problem in control system. It is therefore reasonable to use this technique in designing RFD system. A number of approacbes using H , norm However, these papers considered only unknown inputs. System uncertainties were not considered. Strictly speaking, they can hardly be called RFD as system uncertainties were not considered. Therefore, a more general H-method to solve RFD problem with s w tem nncertaintia is needed. This has not been systematically treated in previous fault detection studies [l, 7, 10, 11, 14, 151.
In this paper, we consider the robust fault detection problem for uncertain linear systems with the aid of the H , norm and H-index optimization techniques and the LMI approach. First, a necessary and sufficient condition is proposed for the design of RFD observers in the absence of system uncertainties. Second, the RFD problem under structured uncertainties in the system matrices is also considered. Correspondingly, an iterative LMI algorithm is proposed to design RFD observers. The RFD problem over finite frequency range is also considered, in which case the condition on the rank of D for a system ( A , B , C , D 
Problem Formulation
Consider the following uncertain linear system 
ET(t)E(t) < _ I (3)
The state observer under consideration is of the form
where 2 = A -LC and L is the observer gain matrix to be designed. Define the error state and residual vector
e(t) = s(t) -%(t)
then it follows from (1) and (4) that the error and residual dynamic system can be described as
where ..
6(t) can be considered as the new disturbance input
vector.
For effective fault detection, the effect on sensitivity due to disturbance in the residual vector should be small while that due to faults should be large. Obviously, the H , norm optimization techniques can be used to handle disturbance attenuation problems. In the following, we introduce a notion to measure the effect due to faults. Thus, the H-index of the fault transfer function H , f ( s ) can be used to describe a measurement of the worst case fault sensitivity, where the fault transfer function H,f(s) from f(t) to r(t) are obtained as
Based on the above motivation, we study the design problem of a robust fault detection observer for system
Problem 1: For system (1) with the observer (4), determine an observer gain matrix L such that (1) as follows: P(i) The error system (5) is asymptotically stable.
is small where 71 > 0, yz > 0, and
MainResultS
For condition (8), we have the following.lemma which is a variant of Bound Real Lemma [20] . [16] Consider the system (5) without uncer- 
Lemma 1 tainties, giaen by
e(t) = x e ( t ) + ( D -LD,)w(t) + ( F -L F f ) f ( t )r ( t ) = Ce(t) + D,w(t) + Ff f (t)
A T P + P A C C T C P(D-LD,)+CTD,
Now consider the system (5) which is suffering from uncertainties in the system matrices. At first, we intrduce a useful lemma as follows. Based on Theorem 2, it is possible to construct an iterative LMI algorithm to obtain a robust fault detection observer as given in the following schematic form. 
1
Step 1 Choose a sufficiently large y1 = C and solve (13) where P = PL.
Ftom Lemmas 1 and 2, it is obvious that the followto fmd feasible solutions P and Compute L = P-lP and let y, = { and yz = 0.
ing result holds.
SteD 2 CM& Iterative Stem)
. \
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Theorem 1
Ff is of full column rank. FOT giaen y1 > 0 and yz > 0, the system (10) is asymptotically stable and satisfies (8) and (9) Step 3 Set j = j + 1. If j < m, repeat Step 2, else STOP (the feasible solution cannot be found). (8) and (9) Based on Theorem 3, it is possible to construct an iterative LMI algorithm simiir to that in Algorithm 1. However, such algorithm will not be proposed here because of space limit.
When P = PO, Q = QO and L = LO, it is
Finite Frequency Case
In the previous sections, IIH,f(s)ll'O.+"' is considered over the full frequency spectrum, i.e. (3 = m in (6).
However, in real applications, it would be preferred to consider the fault sensitivity within a finite low fre quency range including DC (U = 0), i.e. 3 is a finite number. Moreover, IIHr,(s)ll~~+"' is always zero when
Ff is not of full column rank. In this case, the result proposed in Section 3 is no longer applicable. Unfortunately, such full column rank constraint on Fj is often not satisfied in practice. Therefore, it is necessary to consider the case of llH7f(s)l[-over finite frequency range in which case the constraint on Ff can be avoided.
In this section, Ff is assumed to be not of full column rank. In summary, for the finite frequency case, condition (9) (17) if there e&t a matriz P > 0, symmetric matrices Q1, Q3, and matrices Q 2 , and L such that MIS (13) and (18) hold. 
,
. Numerical Simulation
In this section, a numerical simulation is given to demonstrate the applicability of the proposed approaches. Consider the uncertain linear system (1) with parameters as follows: The system is simulated with unit step input u ( t ) and unknown input w ( t ) = [ sin(2t)e-o~t cos(2t)e-o~t 1' , For an actuator fault f ( t ) such that f ( t ) = -0.7, t 2 10s and f ( t ) = 0 elsewhere, Figure 2 shows the evolution of residual evaluation function r ( t ) responses due to observer gain L. From Figure 2 , we can see that, despite the influence of uncertainties and unknown inputs, a threshold at 3~0.4 can easily be imposed on the residual signals to indicate the occurrence of fault at the time t = 10.489, i.e. the fault f ( t ) can be detected 0.48 sec after its occurrence.
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Conclusion
In this paper, the RFD problem for linear time-inwiant systems under structured uncertainties is investigated with the aid of the H , norm and H-index optimization techniques and the LMI approach. It aims at enhancing the robustness to disturbance without sacrificing the FD sensitivity. First, RFD problem is handled for system without structured uncertainties. A necessary and sufficient condition is proposed for the design of RFD o b server. Then result for uncertain system is given. This has not been systematically treated in previous fault detection studies. Moreover, the RFD problem over finite frequency range is also investigated, in which case the condition on the rank of D for a system ( A , B , C, D ) is no longer required. Numerical simulation is used to illustrate the effectiveness of the results. 
